We studied sexual and geographic variation of color patterns in the lizard Liolaemus tenuis. We counted the number of scales with different colors in two body regions, in individuals of both sexes, from three groups of populations along a latitudinal range. Color patterns showed sexual and geographic variations; females and the northern group were the darkest. The selective pressures of these color pattern variations are unclear. However, considering that L. tenuis males are territorial and polygamous, we postulate that sexual variation in color would be consequence of sexual selection involving female choice and male-male interactions (e.g. agonistic displays among males). Geographic variation may be determined by predation pressure, as there is a tendency to a color matching with the predominant color of the environment (i.e. predominance of dark colors towards scrublands).
INTRODUCTION
Animal color patterns have received significant attention from different fields, including ecology, physiology and systematic (e.g. Cole 1943; Donoso-Barros 1966; Cei 1986 ). One of the main generalizations reached is that color patterns constitute adaptive evolutionary characters, representing a compromise between two main selective forces, sexual and natural selection (e.g. Endler 1978 Endler , 1986 Andersson 1994) . In reptiles, sexual selection through female mate choice and/ or male-male competition, usually determines the occurrence of colorful males particularly during the reproductive season (Cooper et al. 1983; Cooper 1988; Watkins 1997) ; females can choose males based, among others, on visual displays in which color patterns are highly relevant (Jenssen 1977; Hews et al. 1997) . Natural selection acts through predation and thermoregulation (e.g. Endler 1978 ). Thus, diurnal reptiles exposed to visual predators experience an intense selection for substrate matching to diminish their vulnerability to these predators (Brown & Thorpe 1991; Stuart-Fox et al. 2004) . On the other hand, dark colors, which absorb more heat, occur with higher frequency in animals from environments with lower temperature (Norris 1967; Pearson 1977; Belliure et al. 1996) . Intraspecific color variation has been described in many Liolaemus lizards (Donoso-Barros 1966; Ortiz 1981; Cei 1986 Cei , 1993 Pincheira & Nuñez 2005) . However, there is no quantification of these variations (but see Quatrini et al. 2001) , which is the fundamental step to understand the factors that determine this variation. For example, it has been indicated that L. tenuis has sexual and geographic color variation (Müller & Hellmich 1933; DonosoBarros 1966; Vidal et al. 2004) . Males, in contrast to the melanistic (dark) coloration of females, are described as very colorful with predominance of yellow in the anterior part of the body, and bluegreen in the posterior part (Donoso-Barros 1966) . Additionally, southern populations associated to dense forests, have been described as more colorful, with intense blue and yellow, than northern populations (more brownish), inhabiting open scrublands (Müller & Hellmich 1933; Donoso-Barros 1966) . As a first step in the understanding of the selective pressure involved in the color pattern variations of L. tenuis, we quantified the geographic and sexual color variation in color patterns along a latitudinal range in Chile.
MATERIALS AND METHODS
Liolaemus tenuis is an arboreal species with a wide geographic distribution in Chile, from sea level up to 1800 m, and from 29 to 39 °S (Donoso-Barros 1966; Veloso & Navarro 1988) . During springsummer of 2001-2002, lizards were collected at 10 different localities in Chile (Fig. 1) . The exact geographic coordinates of the collecting localities can be found in Appendix I. Based on geographic proximity and similarities of the thermal conditions of the different localities (Di Castri 1968), we grouped them in three major groups: northern, central, and southern. Sample sizes by sexes and groups are show in Figure 2 . Lizards were transported to the laboratory, measured (snout-vent length, SVL, mm) and at the end of experiments (see below) they were sacrificed, fixed in alcohol (70%), and deposited in the Museo de Zoología of Universidad de Concepción (see Appendix I). Color patterns were determined after expose individuals to a solar radiation of a typical sunny day (16747 ± 1139 LUX) for one hour. This allowed the maximal expansion of chromatophores, thus the highest color expression. Thereafter, lizards were photographed with a metric (mm) and chromometric scales for standardization. Pictures were taken with a digital camera (Sony Mavica), in two dorsal regions: a) anterior, between the forelimbs and b) posterior, between the hindlimbs. Pictures were scanned and we counted directly on the computer screen, the number of scales with pigments of different colors in one cm 2 of the skin, whose center was fixed at the crossing of body midline and the line of girdles. Liolaemus tenuis is a small species (SVL = 50.08 ± 4.32 mm (mean ± standard error, see Vidal 2002)); thus, the frame of one cm 2 , basically covered the whole space between members, in each girdle. Following Skoknic (1957) , scales were classified according the chromatophore present as blue (cyanophore), green (chlorophore), yellow (xanthophore), red (rodophore), black (melanophore), white (leucophore) and brown (guanophore). Factors considered in the analyses were sex, group of localities, and the interaction between these two factors. Assumptions of statistical tests were evaluated using the Kolmogorov-Smirnov test for normality, and the Levene test for homogeneity of variance. No transformation was necessary in any case. Each color as a variable and body regions (anterior and posterior) were analyzed by a two-way and one-way MANCOVA respectively, with SVL as covariate. Thereafter, each color was analyzed separately, determining the effect of the different factors (sex and group) with a two-way ANCOVA with SVL as covariate, followed by Tukey for multiple comparisons. All analyses were performed in Systat 10.0 (SPSS 2000). FIGURE 1. Geographic location of the collecting sites of different populations of Liolaemus tenuis, and the aggregation of these localities in three groups: north, central and south. Insert: Approximated distribution of L. tenuis in Chile. FIGURA 1. Localización geográfica de los sitios de recolecta de diferentes poblaciones de Liolaemus tenuis y la agregación de estas localidades en tres grupos: norte, centro y sur. Inserto: Distribución aproximda de L. tenuis en Chile.
RESULTS
The dorsal region of L. tenuis has five types of chromotophores: blue, black, yellow, green and brown. In Figure 2 is shows the number of scales with different colors in one cm 2 of skin, in the three groups, separated by sexes and body regions. In general, independent of the sex and group, yellow pigments were only present in the anterior region, while blue was mainly present in the posterior body region (Fig.  2) . The body regions differed in color presence (Wilks' Lambda = 0.095, P < 0.001; see Fig. 2 ) of the blue, green, yellow and black (P < 0.0001). Additionally, the geographic variation in the presence of the different colors, in both sexes, was only reflected in the abundance of brown and green scales; from north to south, brown scales decreased and green scales increased (Fig. 2) . The presence of all colors (except yellow) in both body regions was associated to the sex (Wilks' Lambda = 0.027, P < 0.001), to the group (Wilks' Lambda = 0.338, P < 0.001) and to their interaction (Wilks' Lambda = 0.342, P < 0.001), as is shown in Figure 2 . Females were melanistic, and males colorful. In the anterior body region, sexual differences were in the number of green, brown, and black scales. Males had more green scales (P < 0.002), while females had more black (P < 0.003) and brown scales (P < 0.0006). In the posterior body region, males had more blue scales (P < 0.0001), while females had more green (P < 0.001) and brown scales (P < 0.0001). Population groups differed significantly in the presence of green, black, and brown scales (P < 0.0001). The northern group had in the anterior body region, significantly more brown scales than the other two groups (P < 0.001), and the central group had more black scales than the other groups (P < 0.001, Fig. 2 ). In the posterior body region, southern group had significantly more green scales than the two other groups (P < 0.001), while the central group had more black scales than the other groups (P < 0.001). Additionally, brown scales were more abundant in the northern group (P < 0.001, Fig. 2 ).
DISCUSSION
Liolaemus tenuis showed sexual and geographic variation in color patterns, as was previously proposed (Müller & Hellmich 1933; Donoso-Barros 1966; Vidal et al. 2004 ), but not quantified. Sexual differences were evident in both body regions (anterior: between forelimbs and posterior: between hindlimbs). Females were melanistic, with predominance of dark scales (brown and black) in both body regions, while colorful males had more green and blue scales in the anterior and posterior regions, respectively. We postulate that sexual selection may be an important factor maintaining this sexual color difference. Males can use color pattern as a warning mechanism to other males, as well as to attract females (Andersson 1994) . In fact, L. tenuis has a polyginic social system; males are highly territorial (Manzur & Fuentes 1979) and use visual displays in interactions with other males (Trigosso-Venario et al. 2002) . Base on this, it is likely that color patterns are relevant mechanism for intraspecific communication.
Geographic variations in the total number of green and brown scales follow a latitudinal cline; from north to south (i.e. from scrubland to forest), there was a general increment in the number of green scales and a decrement in the quantity of brown scales. Additionally, in both body regions males showed an increase in the number of blue scales from north to south, but not in yellow scales, as has been previously indicated by Müller & Hellmich (1933) and Donoso-Barros (1966) . The populations included in this study have significant levels of gene flow, and the geographical arrangement of the genetic (allozyme) variation (Vidal et al. 2004 ) is not concordant with the geographic variation recorded in the color patterns. Altogether, these results suggest that the clinal variation in the color pattern may be consequence of an adaptive response to some environment factor (Brown & Thorpe 1991) . Future studies will unravel the putative selective pressure underlining this geographic color variation. However, the tendency to match the predominant environmental color (i.e. green scales increase toward the south [forest] and brown scales towards the north [scrubland]), allows postulating that predation may be the selective pressure that determine this polymorphism. A substrate color matching reduces the possibility that visual predators detect lizards (e.g. Stuart-Fox et al. 2003) , such as raptors, normal predators of lizards (Jaksic et al. 1982) . On the other hand, thermoregulation is usually claimed as another important factor to explain color patterns variation, particularly in ectotherms; dark species or populations tend to be more abundant in environments with lower temperatures (Pearson 1977; Forsman 1995) , since dark colorations favor faster heating (Norris 1967) . In the case of L. tenuis, however, thermoregulation would not be the factor that explains its color pattern variation. First, the darkest group inhabits environments with higher temperature, and second, this group as well as the melanistic females showed the slowest heating rates (Vidal 2002) . Therefore, we propose that colors in L. tenuis may not play a key role in thermoregulation, and future studies will help to unravel the thermoregulatory mechanisms used by L. tenuis to cope with the clinal thermal variation. FIGURE 2. Mean number of scales (± SE) with different pigmentation in one cm 2 in two dorsal body-regions of Liolaemus tenuis. Data is present separated for each sex, and for the three groups (norther, central, and souther). In the box is indicated the sample sizes by group and sex. Body regions: A) anterior (between forelimbs) and B) posterior (between hindlimbs). FIGURA 2. Número promedio de escamas (±EE)con diferente pigmentación en un cm2 en dos regiones dorsales del cuerpo de Liolaemus tenuis. Los datos son presentados separados para cada sexo y para los tres grupos (norte, centro y sur). En la casilla esta indicado el tamaño de muestra por grupo y sexo. Las regiones de cuerpo son: A) anterior (entre las extremidades anteriores) y B) posterior (entre las extremidades posteriores).
